Introduction
We report here on three 1997 deep earthquakes in Western Brazil, wliich extelid tlie Northern end of the Pew-Brazil deep cluster atid close tlie spatial gap with the deep shocks of , previously studied by Okal and Bina (1994) (hereafter Article I).
Deep seismicity in South America has been described by tnaily authors, tnost recently Kirby et 01. (1995) . It is characterized by significant lateral Iieterogeneity in the along-strike direction (generally ~lortli-so~ith), with the activity arranged in clusters (see Figure 1 ). In particular, prior to the great 1994 Bolivian earthquake, 110 deep earthquakes were kt~own between the southern tertnination of the Per~i-Bolivia cluster at 13..5"S, 69.3"W and the northern end of the central Bolivia cluster at 16.8"S, 64.4"W. The great event of 09 June 1994, its aftershocks, and the subsequent earthquakes 011 08 August 1994, 14 March 1995, and 28 November 1997 lnapped an essentially continuous line along the Bolivian ,jog in the Benioff Zone, suggesting that tlie slab in that region is warped, rather than torn and fragmented (Kirby et al., 1995) . To the north, we described in Article I the three major shocks of 18 December 1921, 17 January 1922, and 3 1 July 1970 as isolated, with a gap of 265 km between tlie northern end of the Peru-Brazil cluster (then lnapped at 6.67"s; 71.82"W) atid tlie 1921-1922 hypocenters, and a further 238 kin between the latter and the 1970 event to the North. The 1997 shocks essentially close the first of those two gaps.
The 1997 Events: L,ocation Event I, at 09:42 011 07 March 1997, was located by the ISC at 6.43"S, 7 I. 14"W, h = 628 km, the uncertai~lty of this locatioli being + 4 km horizolltally and + 8 k~n in depth.
The root tilean square (nns) residual is only 0.92 sec, and the solution uses 244 P-arrival times. Because of the quality of this location, there was no need to perform an independent relocation. The occurrence of this event prolonged the western Brazil cluster of deep seismicity 24 kt11 to tlie north.
Two further earthquakes occurred in tlie same general location (we avoid tlie term @eiahoclis, which suggests that they took place 011 tlie sane rupture zone). Event 2, on 10 May 1997 (m,, = 3.6), was reported by the ISC at 4.63"S, 7 1.59"W, and 645 kin. Using tlie technique of Wysession et 01. (1991) , we relocated it at essentially the same epicenter (4.59"S, 7 1.54"W), but slightly shallower (628 km), achieving an rms residual of only 0.57 sec 011 20 stations; its Monte Carlo ellipse (for Gaussian noise with ac = 1 sec) has a semimajor axis of 0111y 30 l<in. Then, on 09 June 1997, event 3 took place between tlie previous two, with an ISC locatioll of 5.90°S, 71.74"W; h = 640 km (III,, = 4.5). This solution, obtained on 127 P times with an rlns resiclual oS 0.81 sec did not warrant independent relocation. These results are summarized in Table I , in which tlie relevant earthquakes are sorted fro~n north to south, and in IZigul-e 2. Figure 2 shows the CMT solution published for event I (Dziewonski et ril., 1998) , like all deep shocks in tlie region, Furuinoto and Fukao (1976), revised downward to 1 4 X 1 0 '~ dyne cm by Russakoff et nl (1997) . ' A I \ the dlstance in three-dimensional space between an event and the one llsted immediately above in the table it features normal faulting (4 = 330"; 6 = 65"; A = -110") but its P axis (dip 64"; azimuth 207") dips to SSW and thus deviates significantly from the presumed down-dip direction of the slab, which should sink eastward. In the formalism of Kagan (1991) , this mechanism is rotated 42", 61°, and 67" from the 1970, 1922, and 1921 solutions, respectively, and from 35" to 55" from its eight immediate neighbors in the Peru-Brazil deep cluster, north of 9"s. By contrast, the 1970 geometry was in much better agreement with the latter (from 6" to 36").
Focal Mechanism

Discussion
Taken together, the three events partially fill the gap between the 1921-1922 hypocenters and the northern end of the Peru-Brazil deep cluster. While there remains a gap of 131 km between events 2 and 3, the along-strike pattern of seismicity at the bottom of the slab is reminiscent of that along the Bolivian jog and can be regarded as extending continuously to the 1922 epicenter at 4"s. In this respect, event 2 is particularly remarkable in that it is only 48 km from the inverted hypocenter of the 1921 shock and sits on the 95%-confidence ellipse (Fig. 2) of the older shock. We conclude that the 1921 and 1922 shacks are not isolated, but rather belong to a line of seismic activity extending continuously to the Peru-Brazil cluster. Whether or not the remaining gap between the 1921-22 locations and the 1970 Colombian earthquake is seismic remains an open question.
Among the speculative mechanisms proposed in Article I to explain the patterns of seismicity at the 1921-22 hypocenters, we can now rule out the detached blob; this supports the conclusions of Okal(2001) , where we showed that mast earthquakes described as "detached" are actually linked to the main Benioff zone by a thermally and hence mechanically continuous piece of slab. Also, the trace of the Mendaiia Fracture Zone on the slab can no longer be regarded as the northern boundary of deep seismicity in the PeruBrazil region; it marks, however, the boundary between a regime of regular, relatively abundant seismicity to the south, which as argued in Article I could be associated with the presence of Nazca Ridge hotspot material on the slab, and more scattered seismicity to the North, involving another, as yet undefined, mechanism of seismogenesis.
Having established that the deepest part of the slab is continuously seismic to 4"S, events 2 and 3 now define a down-dip gap in seismicity between depths of 292 krn to 628 krn (shown in Figure 3) , which raises the question of the mechanical continuity of the slab over that gap. Focal mechanisms for the 1921,1922, and 1970 events would generally argue in favor of mechanical continuity, but we were unsuccessful in an attempt to use several other methods of investigation of the upward paths from their hypocenters: we could find no T waves generated into the Pacific Ocean from any of the three 1997 events; they could have been proxies for the thermal continuity of the slab (Okal and Talandier, 1997, 1998) ; we note, however, that the size of event 1 would have prevented observing its T waves had it taken place in other sections of the South American subduction system (Okal, 2001 ). Nor could we analyze the spectra of S waves traveling up-slab, since the 1997 shocks were not recorded in Ecuador (M. Segovia, personal comm., 1999), and the IRIS station at Santa Fe de Bogoti was discontinued in August 1996. If the slab is continuous, this down-dip gap in seismicity between 292 km and 628 km depth may reflect low stress levels in the slab, perhaps arising from depth variations in buoyancy forces (Bina, 1997) or in the strengths of minerals (Chen et al., 1998) .
Finally, the temporal relationship between the three 1997 events is intriguing and could suggest triggering through stress transfer; it is reminiscent of the situation along the Bolivian jog where the seismic gap was closed by activity following the great Bolivian deep shock of 09 June 1994 (09 June 1994 15 TU]; 08 August 1994; 14 March 1995; 28 November 199'7) , outside the rupture zone of the mainshock, as defined, for example, by Myers et al. (1995) .
